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Literacy Learning as Involving both Skills and Relationships: Implications for the 
Development of Science Literacy 
It is becoming more common to view learning in science as the development of a language practice or 
literacy. It makes sense then to investigate the application of literacy teaching principles from other 
areas of literacy to science literacy. A collaborative project involving a traditional science teacher and 
the author, a researcher with a “language and literacy” teaching background, involved working with a 
(low SES) Year 8 Science class, using activities which demystified some of the common genres of the 
science classroom. We found that when these activities took place in an environment where students' 
concerns and feelings were respected, then language, teacher-student relationships and curriculum 
practices were all transformed to some extent to produce a learning environment in which students 
became more actively involved in the curriculum and in their own learning. There are many 
theoretical and practical implications of these findings, including the notion that a literacy approach to 
the teaching of science may go some way to solving intransigent pedagogical problems such as 
superficial learning and alienation from science.  
 
The challenge...is to theorize how to define a pedagogy that is truly empowering rather than one that 
merely gives the illusion of power to disenfranchised groups while actually excluding them from power.  
(O'Loughlin, 1992) 
In recent years there has been much attention given to the development of science (or scientific) literacy. 
There has been a general move towards ensuring that science education serves the needs of future non-
scientist citizens as well as the needs of potential scientists or the needs of the state. I applaud this but 
believe it has implications for the study of science that have not been given sufficient attention. As 
discussed in an earlier paper (Hanrahan, 1999b), I believe it is useful to use the term “literacy” in a 
broader way than is common in the science education literature (e.g., see definition by Glynn & Muth, 
1994). More specifically, I believe that if we want to achieve better outcomes, then the pedagogy of other 
literacies can and should be applied to the development of science literacy. In particular a critical literacy 
approach (Lankshear, 1994, Luke, 1997) can usefully be applied to the study of science.  
It is relevant here to provide some information regarding the background I brought to this research. My 
experience in science teaching had been limited to two or three lower secondary classes very early in my 
teaching career and one short experience more recently. I had done well in Science in Year 12 but chose 
to do an Arts degree and a Diploma of Education in English and French as my teaching areas. Later I did 
go back to science and completed a science honours degree but even before I finished it I had decided that 
I didn’t want to work as a scientist and soon after went back into the education field, where I taught more 
English and French and then trained and worked in the adult literacy field. At first I saw my background 
as one of deficit in relation to my research in science education. However, it soon became apparent that 
all my prior experience, rather than being a handicap, gave me a unique perspective on learning problems 
in science which those who had remained in the study of science from secondary school onwards, and 
who had then gone on to become science educators, would not have. There was so much that they might 
assume was normal and therefore right and unquestionable, which I as an outsider to the culture, might 
notice and usefully problematise, knowing that alternatives existed in other disciplines, and knowing also 
that many potential scientists like myself were lost to science partly because of the way it was presented. 
Together, this combination of backgrounds left me with a great interest in the language aspects of science 
teaching along with a great curiosity about what turns potential students away from the study of science. 
Hence, my understanding of literacy prior to my doctoral study had been developed in the adult literacy 
teaching arena on a base of experience in language teaching for English and foreign languages. Adult 
literacy teaching in the Australian context−as I experienced it−was partly based on a combination of 
androgogy theory (self-directed learning for adults), and humanistic education theory (Boud, 1987), and 
partly on critical theory (Freire, 1970), and somewhat at odds with all three, a genre approach to 
empowering learners (Colvin, 1991).  
Linguists such as Lemke (1990), Gee (1993), and Halliday (1994) propose that language is a social 
practice which functions as an integral part of a wider cultural system and cannot be seen in isolation 
from its discourse context and social relationships. Lankshear (1994) wrote:  
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Building on James Gee's work (1990, 1991, 1993), Discourses may be defined as socially constructed 
and recognised ways of doing and being in the world, which integrate and regulate ways of acting, 
thinking, feeling, using language, believing, and valuing. Through participation in Discourses we take 
up social roles and positions that other human being can identify as meaningful, and on the basis of 
which personal identities are constituted. Discursive practices are `shot through' with purposes and 
values, beliefs and ideas, norms and conventions, patterns of relating socially and so on." (Lankshear, 
1994, p. 6) 
Further, both Lankshear (1994) and Luke (1997) proposed that literacies are based in Discourses and 
cannot be learnt outside of them. Literacy then depends to some extent on sociocultural factors and 
important roles will be played in its development by attitudes, beliefs, feelings, and personal 
relationships. These need to be positive if students are to invest the necessary energy into the changing 
language practices that are at odds with the new discourse practice. However, there is obviously also a 
need to pay attention to the language skill features of a Discourse, features which unfortunately tend to be 
transparent to those who operate from within the Discourse. For outsiders the differences between the 
linguistic cues in one language community (or “Discourse” as defined by Gee, cited in Lankshear, 1994) 
and those in another are very subtle, and usually not in conscious awareness, so that the cues can easily be 
missed, especially by someone who is having substantial difficulties with more obvious features of the 
discourse such as the technical vocabulary (Bernstein, 1990; Halliday, 1994). 
In a previous paper, I reported research aimed at improving scientific literacy by integrating affirmational 
journal writing into the curriculum (Hanrahan, 1999b). There I argued, in line with the definition of 
Discourse above, that learning a literacy involves more than learning language, or rather that the learning 
of language−at anything other than a minimal level−necessarily involves becoming part of a discourse 
community. Because this involves attitudinal and relationship factors it is likely to be most successful 
when trust has been developed between those already in the discourse community (e.g., teachers, 
researchers) and those to be initiated (the students), and where mutual respect is shown. In the study 
reported, students were affirmed as worthwhile regardless of their current ability in science, and were not 
punished for ignorance of the (unwritten) rules of the language code, or ignorance of the values or beliefs 
of the school science discourse community, but rather were invited to participate actively. Implicitly the 
research aimed to explore ways of improving science literacy by the application to science education of 
principles of literacy development in other areas, in particular the sociocultural and psychological 
conditions for nurturing literacies.  
I was able to demonstrate that, in the Year 8 science class where the research took place, such trusting 
relationships and respect was developed and that the resulting learning environment was much more 
positive than could have been expected, especially given the fact that general literacy levels were low for 
most of these students and that other teachers had considerable trouble with the same class. In the article, 
I went on to argue that such a learning environment was found to be a necessary but not sufficient 
condition for the development of scientific literacy. In itself the journal writing (an average of 10 minutes 
per week) did not address the many language skills students also needed to develop and the article did not 
explain how the teacher and I went about developing some of these language skills. 
The present paper addresses the part of my research which did deal more directly with the development of 
the students’ language skills. However, it has its origins in an earlier paper of mine (Hanrahan, 1995) 
reporting on classroom practices in a different science class, written from the perspective of someone who 
has taught foreign languages and literacy. Firstly, I noticed how little practice students were generally 
given to attain the discipline-specific vocabulary expected of them of them in assessment items, in 
contrast with the practice in authentic tasks that one would give students who were learning a second 
language. Secondly, I noticed how difficult the students found the grammar of the scientific discourse 
used in the classroom (cf. Halliday, 1989). For example, there seemed to be a significant gap between the 
everyday language of the students and the level of abstraction and nominalisation expected in the writing 
of a report of an investigation, and yet students were expected to move easily from one to the other. The 
fact that most of the students, who were from low socio-economic status backgrounds, could not do this 
put them at a great disadvantage, and seemed to put them in danger of being alienated from science right 
from their first semester of secondary schooling.  
This seemed especially likely, in the absence of recognition that this could be a matter of discourse 
differences, with both the teacher and the students apparently assuming that the students were innately 
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“no good at science” and that there was little or nothing that could be done about the problem except 
perhaps to “try harder” at doing what they were already doing. Given my background in language 
teaching which, at both the secondary and adult literacy levels, was to some extent implicitly based on 
Halliday’s (1994) systemic functional linguistics, I decided, firstly, that the problem could be seen as a 
language pedagogy problem, and secondly, that this meant that there was much that could be done to 
bridge the language skills gap. In particular, I recognised that what students needed most was a guide who 
understood both where they were coming from and the classroom science context and who could help the 
teacher coach them on how to “read” the texts and contexts they had to deal with. I also recognised that, 
as a prerequisite, I would need to mediate between them and their science teacher who might otherwise 
see their discouragement and lack of motivation purely in terms of laziness. 
Hence, the assumptions underlying this research included: 
• Attitudinal and relationship factors are integral in the development of any literacy. 
• Language learning involves practice and gradual accommodation into a person's conceptual 
frameworks through the use of authentic language situations. 
• Successful reading depends to a great extent on prior knowledge related to the matter and context 
(or, in linguistic terms, on relevant intertextual experience). 
• Communication is most effective when all parties understand something of each other’s perspectives 
(rather than assuming that there is only one perspective). 
• Language problems students have in science are sometimes due to unacknowledged conflict between 
Discourses, and acknowledging the differences between the usages of words in different contexts 
will lead to better communication.  
• Making the differences between students’ primary discourse and the secondary discourse to be 
developed visible will help students to make more effective use of science classroom texts. 
• Resentment and alienation may result from unexplained rejection of students' understandings based 
in an alternative Discourse. 
• Learning to be a successful participant in a particular Discourse community involves accepting, or at 
least suspending disbelief in, the cultural and ideological beliefs implied, and this is unlikely to 
happen in a situation where learners feel rejected by that discourse community. 
I was also assuming that the learning of all students in science classrooms mattered and that curriculum 
practice needed to change to allow a deeper level of learning for more students; activities should be more 
student-centred, more dialogical, and more just in terms of whose interests are being served. 
Methodology 
The methodology for this research study was a combination of action research, and a `personal 
experience' method I had developed during my PhD, based on writing. Participatory action research was 
the overarching framework in which the action was collaboratively planned, carried out and analysed by 
the regular classroom teacher and myself, in an ongoing manner. This involved somewhat cyclical stages 
of planning, acting and observing, and reflecting (Kemmis, 1994) over most of one school year. 
Classroom observation and interviews were my main methods of data collection. Classroom observation 
was done with minimal note taking given that I was an active participant to some extent in my role as 
helper to the teacher. Interviews were conducted with the teacher as well as with the resource teacher who 
supported him, and short group interviews (mini-focus groups) were undertaken with friendship groups of 
students. I also audio taped interviews and videotaped several classes for later review and analysis. Daily 
informal chat with the teacher before and between classes was also a good chance to plan and review the 
action and learn more about the larger context. 
For my own purposes both within and outside the research study, I did regular self-reflexive journal 
writing (see Hanrahan, Cooper, and Burroughs-Lange, 1999), and this came to replace the extensive on-
the-spot note taking I had used in an early ethnographic study (Hanrahan, 1998). In fact I came to see this 
writing as my principal research method during my PhD thesis (Hanrahan, 1999a) of which this study was 
a part (cf. Richardson, 1994), and believe it was vital to the direction my research took. It was only when 
I freed myself up from reflecting only on my research only in relation to my reading of the science 
education literature, and allowed my mind to rove over anything which might be relevant to the current 
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discussion, that I began to have insights which depended to some extent on my earlier experience as a 
English and French teacher, my studies in humanities and psychology, and my recent experience in adult 
literacy teaching, as well as other transformational life events.  
As I have mentioned above my perspective was to some extent the point of view of an outsider to science 
education. This going outside the science education literature to my own resources meant bringing in 
factors, and in fact whole Discourses/paradigms, not usually accessed in science education research 
though there have been exceptions and I will refer to one of these in particular later. One of the ideas I 
could transfer from my language teaching background was that positive affirmation of writing in a 
trusting relationship and authentic communication situations could encourage otherwise reluctant writers 
to begin exploring their ideas in writing, and become more engaged in classroom learning. That became 
the basis of the action research study I have reported in the earlier paper referred to above (Hanrahan, 
1999b).  
However, like any good action research, the action and theory evolved. Although I was pleased with the 
fact that the science curriculum seemed to appeal more to students when it included their personal input, 
for me it was not enough that students felt affirmed and more able to contribute. Given the intended 
curriculum, most students would still attain minimal success in examinations and hence be discouraged 
from participating in future years. I could see that most of the students lacked a basic understanding of 
how to approach the study of science, including such tasks as how to understand the framework of a 
textbook chapter, how to distinguish between primary and subordinate ideas, how to "learn" science for 
an examination, and how to appreciate the criteria that would be used for judging how an examination 
question would be graded. It became obvious to me, that by itself affirmational dialogue journal writing 
was going to have little impact on students' success in learning the language of science, especially while 
"the mystique of science" (Lemke, 1990) continued to permeate other learning activities, preventing most 
students from becoming engaged and successful in their learning of science. 
When they came into the science classroom, students appeared to have crossed a cultural border and 
needed a guide to explain what was required of them in this new cultural setting (cf. Aikenhead, 1996; 
Driver, Osoko, Leach, Mortimer & Scott, 1994; Lemke, 1990). If they were to see themselves as initiates 
who could learn science, they needed to be taught how to read the code and to notice the relevant cues for 
how to respond (Bernstein, 1990; Halliday & Martin, 1993). Without this guidance they may learn badly 
or not at not at all. In either case they would not be very successful, at least in the longer term, and 
seemed likely to drop out of science sooner or later. With these concerns in mind, I became interested in 
working with the teacher and students on such features of the curriculum; particularly those which were 
causing what could more generally be classified as reading problems.  
Analysis 
The data used for the analysis came from my notes based on classroom observation, formal and informal 
discussions with the teacher and the resource teacher, student group interviews and entries in the students' 
journals. I would describe my analysis of the data as a "Phase 2" ethnographic approach (Woods, 1985) 
since considerable theorising had already been done and "grounded theory research" was no longer an 
accurate description of the process. As explained above, much of this took place in my analytic 
memoranda and journal writing, where "openness" and "creativity"  (cf. Woods, 1985) were important 
additions to the usual self-critical criteria used for testing developing theories (cf. Strauss & Corbin, 1990, 
Guba & Lincoln, 1989). The student interviews, as well as featuring in the journal writing, were also 
analysed more systematically with the help of NUD*IST software (Richards & Richards, 1991).   
It is interesting to note that, for this part of the research, I would have to say that I was behaving more like 
an action-researching teacher than an academic researcher, since, instead of testing out a highly theorised 
plan of action, as was truer for the affirmational dialogue journal writing activities, I, along with the 
teacher, was now acting on implicit theories, and then reflecting critically on my practice and the 
inconsistencies between my espoused theories and my theories in action (cf. Dick, 1996). So, although 
what I was doing could be related to developments in critical pedagogy and sociolinguistics, including 
Bernstein, 1990, at the time I would have related it more to psychoanalytic theories about the 
unconscious, psychological theories about nonverbal behaviour and metacognition, to critical theory 
readings of institutional culture, and to a heightened awareness of the non-transparency of language 
gained through teaching adults who had failed to attain an average level of academic literacy. 
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The Context 
The class happened to be a `low literacy' class, with average scores on an entrance test much below those 
of recent years. There were 15 boys and 9 girls, with several English-as-a-second-or-other-language 
students among them.  
The teacher was an experienced teacher of many years' standing, who also taught mathematics and senior 
physics, but who had come late into teaching, having had a prior career as an engineer. He believed that 
one could always learn more about teaching and was prepared to give even my rather unconventional 
research proposal a chance. A particular concern of his was the poor scientific literacy of students in 
advanced classes and he was keen to give special attention to language skills. He taught in a largely 
transmissive mode, with students listening as he introduced and expanded on new concepts, keeping his 
audience fascinated and at times spell-bound with well-timed, often exciting, demonstrations and 
interesting stories.  
The students tasks were expected to be quiet and listen, to copy down notes from the blackboard, do 
textbook exercises, and one day a week, during a double period, to perform a group practical activity in 
small groups, but typically without any follow-up discussion on it either orally or in writing. 
The Pedagogical Activities 
The activities in the paper were not planned in advance as part of my research. In fact, they were 
somewhat ad-hoc lessons or parts of lessons arising from conversations with the teacher, carried out, 
sometimes at a moment’s notice by me (at the teacher’s invitation) or by the teacher himself and I did not 
place much importance on them at the time, but saw them as incidental to the journal writing activities 
which were the planned part of my research. My contributions were intended simply as a way of repaying 
the teacher for the time and energy he contributed to my research, as well as being intended as a sign that 
I wanted to have a genuine dialogue with him about teaching science. They seemed at the time to be 
based on intuition rather than on theory and, as such, I hardly thought of them as a legitimate part of my 
research, just as I had not originally seen my personal journal writing as a legitimate part of my research 
method. 
I did, however, believe that action research should involve the whole classroom situation as it 
evolved, and had some sense that the activities had become increasingly significant as time went on. 
Consequently my conscience was niggled a little by the fact that I had barely owned up to these activities 
in my account of the research written up for an action research conference (later resulting in the paper 
referred to above, Hanrahan, 1999b). I eventually decided that they should at least have a mention in my 
account of the action research in my thesis.  
In the mean-time, their significance became increasingly apparent to me when I was teaching in an 
undergraduate unit which included exposure to a “functional model of language” (Knapp & Watkins, 
1994), at the same time as rereading from my adult literacy course, and more broadly about literacy 
teaching (including Treloar, 1994; the debate in English in Australia (1989) between Sawyer & Watson 
and Christie, Martin & Rothery regarding the explicit teaching of genres; Cope & Kalantzis, 1993; 
Lemke, 1990, the New London Group, 1996). I realised, with a sense of shock, that there may have in fact 
been a major conflict between the principles underlying the two parts of my research, the journal writing 
activities and the other activities in which language skills were addressed more explicitly. When I finally 
listed the activities and began analysing them, I realised that, in one way or another, they related 
implicitly to my ideas about language and/or literacy teaching, and constituted a coherent set and 
significant set (I was surprised to find that my analysis resulted in a list of 18 items as I thought there 
would be about half a dozen). I had thought I was behaving intuitively partly because this knowledge base 
had become submerged in a science education context where such theories seemed irrelevant, and partly 
because I had taken it on in my teaching practice in both secondary English and adult literacy without 
being very aware of the principles underlying it. 
The extra activities, then, were not planned very far in advance. Incidentally was also true of the 
journal writing activities This was firstly because I believed that any activities introduced should be in 
response to perceived need, and, secondly because I did not believe I had the right to disrupt the teacher's 
planned timetable of progress through the prescribed units of study, and took time only when it became 
available, often at short notice. I did, however, plan possible activities, based on what on what I perceived 
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to be problems the students were having, partly on the basis of interviews with students and with the 
teacher, and adapted them when necessary to fit a particular unit of study. Activities often developed out 
my reflections on difficulties reported by the students in the context of a new manifestation of the 
problem. One example occurred after many students had reported problems understanding unit test 
questions, and had suggested that a practice test would be helpful, so that when I later became uneasy 
about what seemed to me unhelpful marking in a particular test, I discussed it with the teacher, comparing 
it with the system used by a teacher of a parallel class. I was able to suggest changes to the wording of the 
following test, and finally was asked by the teacher to prepare a worksheet to help the students with tests. 
Hence activities were very contingent upon what was happening for all the research participants at the 
time of their preparation. I believe this was integral to their success in contrast to “genre” approaches to 
teaching science which impose the learning of set genres on students (cf. Colvin, 1991). 
Later in the year, however, borrowing time from normal classroom activities seemed to be less of a 
problem. When the students' writing in their journals had given the teacher considerable feedback about 
their difficulties with science, he became less concerned with "covering the content" in the prescribed 
syllabus, and more concerned with what Tobias (1990, citing college science educators) called 
“uncovering the content” of a lesser part of it for his students. Our extra language activities were then 
allowed to become at least as important to us as the affirmational dialogue journal writing, and became 
more integrated into other curriculum activities.  
To give an idea of the scope and purpose of the language activities, column 4 in Table 1 lists most of 
the activities we did. In general, they can be seen to fit into four literacy categories, three to do with 
addressing specific language skills, and one to do with more personal aspects of developing literacy: 
• activities which involved active use of language by students (small group work,  "Living Things" & 
"Forces" worksheets, whole class discussion); 
• distinguishing the use of language in science discourse from that of the more usual discourse in these 
students' lives outside the science classroom ("Living Things" and "Forces" worksheets, whole class 
discussion, "Helpful Hints for Tests" worksheet); 
•  raising awareness of the nontransparency of word meanings and to some extent larger chunks of 
discourse, such as paragraphs, pages, and chapters, and even schools, on the part of both the teacher 
and the students (Using publishing clues to find the main points to learn on a page, Getting an 
overview of a new topic, "Finding the Main Idea" activity, Presentation revealing my ideological 
perspective, the worksheets on "Living Things" and "Forces", Whole class discussion) 
• arousing personal interest in students and allowing emotional responses (Small group work, 
worksheets on "Living Things" and "Forces", Presentation revealing my ideological perspective, 
Whole class discussion, Getting an overview of a new topic, Suggested changes to unit review (test), 
Choosing an interesting question). 
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Table 1. Activities Intended to Lead to Improvement in Students' Motivational and Epistemological Beliefs 
Date Perceived Problem  Immediate Goal of Activity Demystifying Activity Implicit Message for Teacher and/ or 
Students 
16/05 Students rarely had a chance to use 
technical terms on their own 
throughout a unit yet would be 
expected to use them competently 
in the unit test 
To have students practice distinguishing 
between new abstract terms so that they 
would be  more likely to recognise or use 
them on exams 
Small group work: 
negotiation of a task of 
matching slips of paper 
containing abstract words 
with diagrams of scientific 
procedures  
Students need more active experiences than 
listening, watching, and copying, if they are to 
learn to use novel technical terms effectively; 
they need practice in a genuine communication 
situation in distinguishing word meanings 
25/07 
26/07 
Possible student resentment at 
having prior acceptable knowledge 
of words judged as wrong 
To have students engage more actively 
in learning, by having them relate and 
distinguish words in science and 
everyday life  
Worksheet on "Living 
Things" 
Understanding the particularity of the use of 
words in science, and that  this is helped by 
frank discussion about what the scientific 
meaning is and how it differs from everyday 
meanings 
31/07 Belief that I was being dishonest in 
not revealing my underlying 
motives in doing the research 
To ease my conscience (as a researcher 
using others for my own purposes) and 
to get both students and teacher to take a 
more critical view of science education  
Presentation revealing my 
ideological perspective: 
talking about my ideas 
about schooling 
The reasons for teaching and learning science 
are not as transparent as the teacher seemed to 
assume. There are positions and it's useful to 
discuss these things in relation to science 
education  
01/08 Students did not seem very aware 
of specific meanings of  technical 
terms or that they were technical 
terms [Check activity and rephrase 
this more specifically] 
To increase awareness of  need for 
specific terminology; to heighten 
teachers’ awareness of need to be 
explicit about this. 
Whole class discussion 
about  technical words in 
Biology which students 
wanted clarified 
Every students' understanding of words is 
important, classroom time is for this rather than 
to find out right answers from clever students 
 
07/08 Many students can't distinguish 
main points from minor points and 
examples. 
To have students study more effectively 
for tests 
Using publishing clues to 
find the main points to 
learn on a page, e.g., a 
`Know This' page about 
organisms or about cells  
Science is about organising ideas, not about 
remembering an impossibly large number of 
facts 
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15/08 Students' often don't really get 
involved in their own learning, 
and they may not see the big 
picture in relation to which 
words have meaning  
To link new learning to prior 
knowledge and interest 
Getting an overview of a new topic by 
skimming and jotting notes on chapter 
headings, main ideas, and one's 
personal response to all this 
Students' own interest in chapter will help them 
to learn well for the exam.  
23/08 Students often cannot 
summarise paragraphs in 
science, so copy the whole 
paragraph 
To teach students a procedure 
they can use to summarise a 
paragraph more successfully 
"Finding the Main Idea" activity 
(Aulls, 1991) 
Summarising in not a magical skill that is only 
granted to some privileged students; rather it is 
a procedure whose steps can be learnt/taught 
6/09 Students may be resentful at 
having answers marked wrong 
that seem right to them. 
To help students better interpret 
questions as they were intended 
by the teacher 
"Helpful hints for tests" to help 
students read test questions as 
intended by the teacher 
Exam success does not depend entirely on 
night-before memorising. Understanding what 
the questions mean is a skill in itself 
05/10 Scientific meaning is often seen 
as transparent or at superior to 
all others, leading to possible 
resentment in students 
To forestall students feeling 
alienated from or resistant to 
uses of words in science which 
did not conform with their 
common meaning 
Worksheet on "Forces" 
Comparison of technical and everyday 
meanings 
The meaning of words in science is a special 
use, which may differ from other uses; it's not a 
matter of "wrong way/right way" but rather 
"right for this context/right for that context (cf. 
Old Way/New Way methodology, Lyndon,1989 
)" 
06/10 Ambiguous questions are 
marked according to what is in 
the teacher's mind, not 
according to more generally 
acceptable standards 
To allow students' understand 
test questions better; to help the 
teacher appreciate the 
demoralising effect of his way 
of marking 
Suggested changes to unit review 
(test), to make meaning clearer, and 
mistakes less shameful for students 
Students should not have to guess what's in the 
teacher's mind, but interpret as a reasonable 
person might do; shaming students for being 
ignorant is not just, nor does it promote deep 
learning in students with low self-efficacy 
beliefs 
10/10 Students don't expect science to 
be relevant to their interests 
To help students develop 
genuine interest in learning 
more about light1 
Choosing an interesting question from 
list that primary school science 
students ask about light (Keystone, 
1992) 
Learning science is about finding out things we 
need to know about the world we live in 
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Findings and Discussion 
Countering negative beliefs 
Initially most of these activities were designed in response to particular situations to teach language skills 
(mainly reading skills). Later, however, as explained above, I came to see that they were implicitly designed 
(albeit at a subconscious level) to address literacy learning at a deeper level since my purpose was also to 
change dysfunctional beliefs, attitudes and relationships. When I was forced to make explicit the 
assumptions behind my intuitive way of going about them, I realised that they were based on three different 
theoretical bases, first two of which are particularly relevant here:  
1. theories implicit in learning in the adult literacy teaching arena, particularly Halliday’s systemic 
functional linguistics, 
2. an analysis of classroom situations from the perspective of a foreign language teacher,  
3. humanistic theories of education and theories underlying cognitive behaviour therapy, and 
The activities were subconsciously designed to demystify the genres of science, or rather the genres of the 
science classroom as enacted in the particular instance being researched. This explains the additional 
columns in Table 1, viz those headed “Perceived Problem” and “Implicit Messages for Teacher and/or 
Students”. Hence, as well as listing most of the activities we tried in answer to students’ problems with the 
curriculum, Table 1 also names the underlying problems I thought I/we were addressing with these activities, 
the outcome I hoped each would have for the students and/or for the teacher, and the positive implicit 
messages I thought these activities might convey to both the teacher and the students. I hoped these messages 
might counter some of the negative implicit messages which were inevitably part of the kind of curriculum 
which Lemke (1990) argued built a false mystique around science, which I believe implies to most students 
they are not capable of learning science successfully and, as non-experts, have little right to think for 
themselves about science. 
Changing the Discourse 
At first I tried to group these beliefs into a) messages about what learning and teaching are about, b) 
messages about students' rights and teachers' responsibilities, and c) messages about ideological beliefs. 
However I found this difficult because all are so closely interrelated, with epistemological beliefs, language 
practices, interpersonal relationships, and ideological beliefs being so interdependent (Lankshear, 1994). 
Taken as a whole the listed implicit messages amount to a different Discourse, a different "way of being in 
the world" (Gee 1993, cited in Lankshear, 1994), a more constructivist or democratic perspective, a view 
which seeks to consider all students' rights to education, and not just the interests of a small elite (Lemke, 
1990). This contrasts with an authoritarian perspective of the world, which, according to Lemke, is the way 
science is usually taught, "not as a way of talking about the world, but as the way the world is" (p. 126), in 
other words as being incontrovertible, objective truth. Moreover it contrasts with the way science is carried 
out by scientists. Various authors have questioned both the moral and epistemological bases of accepted 
scientific ways of presenting knowledge to the public (Medawar, 1969; Connolly, 1989; Kuhn, 1977, cited 
in Chalmers, 1990), and science pedagogy (Aikenhead, 1996; Fensham, 1998; Lemke, 1990). 
Just as the affirmational journal writing implied that students’ current thinking and feelings were a 
legitimate starting point for learning science, the “demystifying the code” activities implied that classroom 
science operated using a different discourse system with its own lexicon and customary ways of 
communicating, and needed to be taught/learnt explicitly if students from disadvantaged backgrounds were 
to become scientifically literate. Bernstein (1990) proposed that schools are subsidized by the middle class 
in that they assume the teaching of such codes will take place in the home prior to school instruction, and 
take that as their starting point, matching the style, sequencing and pace of instruction to the characteristics 
of students from advantaged backgrounds. 
Currently the visible pedagogy of the school is cheap to transmit because it is subsidized by the 
middle-class family and paid for by the alienation and failure of children of the disadvantaged 
classes and groups. (Bernstein, 1970, p. 78) 
Rather than expecting students to passively accept the responsibility and consequences of not understanding 
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science, these activities served to demystify the underlying code by making the unwritten rules and values of 
the science classroom more explicit to both the teacher and the students, thus removing some of the mystique 
surrounding success in the study of science. I believe that this led to dialogue which was more open, gave 
students more control over their learning, and reduced their feelings of disempowerment in the science class. 
As Colvin (1991) wrote, “[A]ll students are potentially empowered if they are able to become aware of the 
ways language can be used, and of where the curriculum, the school, the classroom, the teacher are coming 
from" (pp. 113-114). 
My perception of the teacher as having a real dialogue with the students increased as the year went on. 
Whereas early on I believe that everyone took for granted that it was the teacher's agenda alone which 
counted, later on students' concerns seemed to become a more important predictor of the course a class 
would take. Some time after I had given my presentation on what I thought schooling and science education 
were about, the teacher began a class by telling the students why he thought it was good for them to study 
science, and this time, it was not to do with preparing them for the following year's study and for Year 12 
(which were the reasons he gave me in our first interview), but rather to give them more choices of a career 
later on. The difference is subtle but significant since it was more overtly student-centred 
This, in fact, amounts to a substantial shift in the dynamics of the curriculum. The fact that the teacher was 
discussing the question was a major change in custom. Up until then, there had been no justification of why 
students were studying either science or the topics they studied, as though the value of learning the given 
curriculum was so obvious to everyone that it didn't need discussing. Now it had become something one 
could discuss and this may have lead the teacher to question the appropriateness of the usual curriculum. In 
the first half of the year, he would apologise to me on occasions because the class was getting behind, as 
this meant there would not be any time for us to do extra activities until he caught up, but towards the end of 
the second semester he blithely forewent a short unit of study, saying that it was just as well to spend more 
time on the current topic.  
There is also some evidence that the students agreed with him. As I wrote in a letter to the teacher the 
following year, two quite articulate girls explained to me, in an interview near the end of the period of the 
research intervention, that they didn't mind getting behind the other classes, because they were getting more 
work done with the extra writing they had to do, and, in fact, they seemed to be implying "that it was the 
teachers in the other classes who got through all the chapters rather than the students, and that their own 
learning had been deeper." (Personal letter, 10 March, 1996) 
In the words of the students: 
OL:    We're all a chapter or a half a chapter or something behind all the other classes, but we've been 
doing more work, like within the BLAST book, that's why. We end up doing more work than 
they do, because of us doing the BLAST activities and all that. 
TA:    The other teachers rush through it just to make sure their class is in front, you know their class is 
the best, they've got to be in FRONT of everyone else. [Extract from interview, 21 November, 
1995] 
Another sign that the curriculum was becoming more dialogical was the increasing time given to inviting 
students to have their own reaction to the curriculum and to ask more questions. Late in Semester 2, after 
we had together planned and carried out many more language activities, in some of which I was able to 
encourage more student participation as I addressed student concerns, and in some of which I talked for too 
long and used language well above their level of understanding, the teacher became (gently) critical of 
himself as well as me for talking at great length, and started to introduce more activities focused at the level 
of understanding of students and concerned with connecting up with their personal interests, for example 
what might be called a pre-reading exercise for a chapter in the science text book on one occasion. 
In one of the last classes I attended, he asked students to write, for homework, any unanswered questions 
they had about a practical investigation they had just done, and then spent the following period answering 
their questions, which at first came only from the most confident students, but later from other students as 
well. In the process he covered many of the concepts he would have covered in any case, but this time, he 
had the full attention of most members of the class, who were interested in other students' questions about 
the experience they had all shared in the previous day's activity. In contrast to the practical investigations 
which took place in the first term, where I was concerned that students did not get to discuss what they had 
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been doing in relation to the concepts and technical terms being addressed, now students were getting 
practice in putting into words their experience of the investigation and interacting with the teacher's 
explanations in more technical terms. 
With regard to academic results, in the unit on forces in which we had several activities intended to 
demystify the language of the class or the test paper, and where I negotiated to have subtle changes made to 
wordings of some questions (for example, to have "For scientists" inserted in front of a sentence which was 
to read, "Weight should be measured in _________?" [“Newtons” being the expected answer]), the top and 
middle-range students tended to score higher than they normally did--2 or 3 points out of 30. The teacher 
put it down to a good revision class he had given just before the exam, and it is also relevant to comment 
that the unit was physics, which he had commented was one of his favourite units. Nevertheless, the fact 
that so many students were attentive during this revision period is significant, and many of the students 
thanked me in later unprompted journal entries for helping them do better on tests and understand things 
better, saying such things as that I gave them "study ideas", "hints", "clues", "many ways to study for tests", 
"ways to revise and improve", and let them "compare words and meaning". It is possible that the creativity 
the teacher allowed in the teaching of this unit, was partly due to his familiarity with physics as prior 
research reports have shown that teachers tend to use a less transmissive approach in their areas of expertise, 
when compared with areas in which they are not so familiar (e.g., Tobin, Rennie, & Fraser, 1990). 
As I have suggested, the students who seemed to appreciate the activities designed to help them revise for 
the test tended to be the more literate students. My impression was that the activities were too hard for many 
of the students and some students commented on their difficulty in their journals when I asked them to 
compare the worksheets with regular textbook cloze exercises. However, more students commented that 
they liked the worksheets because "the teacher will explain" them, they were "easier", "fun - had to think 
more", "straight-forward". A few students realised that both were necessary for success in the exams. The 
less successful students were nevertheless grateful for being helped even if they weren't able or willing to 
articulate how, and in answer to a question about what difference my being there had made, one said, "She 
gave us a lot of help", another, "We talked a lot. Helped us think a lot", and others that my being there was 
"helping us with our work", and "helping us with our learning". At the end of the year, the class performed 
as well as the other classes on the common final examination, in spite of their supposedly low level of 
general literacy, and their having missed part of a unit. This result was also rather amazing, considering that 
this class had developed a reputation in other subjects for being badly behaved and capable of only the 
simplest tasks. 
The following year in May, when I was in the school to co-present a workshop on journal writing with the 
same science teacher, and inquired about the teacher's new Year 8 class, according to both the teacher and 
the Head of Department, this group seemed to be an extraordinarily attentive class, and could be mistaken 
for the top stream class. The teacher did not use journals but instead had adopted a post box system, in 
which he asked students from time to time, perhaps just once a month, to anonymously post comments and 
questions related to the units they were studying in science. My comment on this would be that once the 
teacher had got to know one class of students intimately, he could no longer maintain the stereotype that 
students didn't care and were lazy or stupid; once he had real evidence of the language skills such students 
were lacking, how desperately many of them wanted to pass their tests, and how demoralised they became 
when they failed for reasons they did not understand, he did not need to go through this process again in 
order to teach more responsively subsequently. On the other hand, a second inquiry of mine, this time about 
"our" former Year 8 class revealed that for a different teacher they had reputedly reverted to their usual 
form in other classes and had become almost unmanageable. 
The findings discussed here depend on the overall effect and not just on the activities referred to in this 
paper. This is important. Other approaches to teaching genres in the science classroom, which 
systematically teach students to write according to the rules of traditional scientific genres, such as report 
writing, particularly to students from socioeconomically disadvantaged areas have not been found to be 
particularly successful. The New London Group (1996), a cross-disciplinary group of researchers, agreed 
that improved literacy would not come from training students from non-dominant social groups in the 
genres of the dominant group by ignoring the subjectivities of such students, but rather by designing 
learning experiences that were relevant to their lifeworlds. They wrote: 
To be relevant, learning processes need to recruit, rather than attempt to ignore and erase, the different 
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subjectivities - interests, intentions, commitments, and purposes - students bring to learning. 
Curriculum now needs to mesh with different subjectivities, and with their attendant languages, 
discourse, and registers, and use these as a resource for learning. (The New London Group, 1996, p. 
72) 
They proposed four components as being important in “a pedagogy for multiliteracies”:  
Situated Practice, which draws on the experience of meaning-making in lifeworlds, the public realm, 
and workplaces; Overt Instruction, through which students develop an explicit metalanguage of 
Design; Critical Framing, which interprets the social context and purpose of Designs of meaning; and 
Transformed Practice, in which students, as meaning-makers, become Designers of social futures." 
(New London Group, p. 65) 
The list of activities in Table 1, could all be classified as belonging to one or the other of the four categories 
of practice, since they relate science learning directly to students’ primary discourse, make overt features of 
the secondary discourse that would otherwise not be recognised by the students, help the students to look 
more critically at the purposes of science education, and generally help them to take more control of their 
own learning. 
Overall, my research put into practice the more democratic and equitable approach to teaching advocated by 
Lemke (1990) for more effective learning in science classrooms, demystifying many of the genres of the 
science classroom and making science more accessible for students from non-middle-class backgrounds. 
Moreover, it went some way towards exemplifying the model of “a pedagogy of multiliteracies” proposed by 
the New London Group (1996), allowing students to be more critical and active learners, and more engaged 
with the science curriculum than they would have been if their subjectivities had been ignored.  
Implications 
Many implications, both theoretical and practical, can be drawn from my findings in this study with regard 
to issues of science literacy, learning theory, both cognitive and affective engagement in learning, and 
research methodology.  
Theoretical Implications 
With regard to theory, this study advanced my thinking about science learning as language learning, and 
about science teaching as literacy teaching, it led to refinement of my theories about learning in general, and 
it gave me more insight into the problems of school retention in science and alienation of youth in general. 
A short list of theoretical implications of this research for me would include the following: 
• Learning science is about learning a new Discourse with all that that implies, including being a more 
holistic human process than is often allowed for in learning theories.  
• Affect and relationships are integral to epistemological beliefs. 
• Learning is most likely to happen where there are clear messages about what constitutes learning and 
how it is expected to happen in a particular subject area, including explicit messages about how 
language is used in that setting. 
• Learning needs to be seen as involving personal relevance as well as being a social process. 
Some second order implications for me would include: 
• Genres are to do with the functional uses of language and some traditional scientific genres (e.g. ways of 
writing about investigations) may more profitably be replaced by more authentic ways of writing for 
who don’t intend to undertake a career out in science.  
• Allowing children to participate in the curriculum may be one way of increasing meaningful retention in 
science education. 
• Reducing anxiety by building trust may allow more attention to be directed towards what is unfamiliar.  
• A critical literacy approach to science teaching is a theoretically fruitful approach. 
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 Practical Implications 
Practical implications range from implications for teachers and students, to implications for teacher 
educators, researchers, curriculum developers, and research granting bodies. 
• Science teachers need to understand the sociocultural basis and the nature of language use in science, 
that is, science teaching is more likely to be successful when science teachers have a good understanding 
of language as a sociocultural artefact. 
• Students need to understand the language code of the science classroom if they are to become literate in 
science. Without it, they will misinterpret the linguistic cues and continuing failure and alienation from 
science. More specifically, some features of the genres of the science classroom need to be made more 
explicit for students. 
• Teacher educators in science education need to make the language of the science classroom a subject of 
study so that future teachers of science can understand how to prevent student failure which begins in 
unfamiliarity with the language code.  
• Curriculum planners need to include ways of demystifying the language and genres of the school 
science in science curricula, if they want to design to address science literacy for all students. 
• More research is needed on the implications for teaching of the notion of science as being a specific 
Discourse system and the type of factors to include in research about the development of science 
literacy. 
• The fact that a responsive, “just-in-time”, somewhat intuitive approach to inquiry, when backed up by 
intensive written reflections, provided richer insights than a planned intervention based on the literature 
suggests that we may unnecessarily blinker ourselves when we insist on tightly regulated research plans 
and methods of analysis ignoring the realities of classroom practice. The researcher’s subjectivity and 
open-ended dialogue between the teacher and the researcher can play a significant positive role in 
research on practice. 
• Those who fund research should see sociolinguistic studies as having the potential to shed new light on 
intransigent problems in science education, such as alienation from science, and poor scientific literacy 
in school leavers. 
Limitations of the Study 
As a single case study of action research in a single classroom with students mainly from low 
socioeconomic status family backgrounds, this report is obviously not intended to have great implications 
for curriculum reform at the systemic level of curriculum change. However it does suggest that teachers 
who are open to learning may learn and change without leaving their own classrooms, and that this may be 
as successful a way of their improving their practice as taking theoretical post-graduate degrees, if not 
better, since it has been developed in the practical situation with most of the structural and social constraints 
present. I should mention that my host teacher had been actively trialing ways to improve teaching and 
learning in his classes before he ever met me, enlisting the help of the resource teacher, and no doubt has 
continued to do so since, in one way or another. 
On a small scale, the intervention reported here seems to have achieved many of its aims, and more, but for 
more lasting change on a larger scale, it would have needed to include more of the staff in this school, or 
elsewhere so that a there would be a group of critical friends who could support each other's efforts for 
change over a longer period. As Kemmis (1994) argues, although it is good for action research to start 
small, real lasting systemic change can only be sustained when there is involvement in the research at a 
broader institutionalized level. Concerted efforts (by myself, my host teacher and the resource teacher) were 
made to get together a group of teachers interested in collaborating to address such concerns as the 
widespread literacy problem in the school, especially for the boys, or centered around a theme of social 
justice, but these were unsuccessful on the whole, for a number of reasons which are not particularly 
relevant to the focus of this paper. 
All the same, this research was still transformational in some ways. During our research, I had serious 
misgivings about the direction our research was taking. I had hoped that I could somehow be a catalyst in a 
transformation of the curriculum to become more relevant to the future needs of the students studying it, and 
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yet I moved towards putting more and more of my creative energies into working with the teacher to help 
students to become more successful in the current curriculum, even though I did not believe it had their best 
interests at heart. As a critical action researcher this seemed to represent giving up a critical stance and 
going back to a technical one. And yet the path we took apparently turned out to be more transformative 
than I could ever have imagined, with a teacher who seemed to be transmissive becoming more willing to 
allow students to construct their own learning at their own pace, and with an authoritarian environment 
becoming much more dialogical and democratic. In the short term when the curriculum could not be altered 
radically for this group of students, the most just action was to attempt to bridge the gap between their 
current level of academic skills and the literacy expected of them in the subject, a gap which those who take 
a sociocultural perspective on learning have argued is present when subjects are presented in the standard 
middle-class discourse to those not skilled in it (e.g., Bernstein, 1990; Lankshear & Lawler, 1987; Lemke, 
1990; O'Loughlin, 1992). From a critical literacy point of view, Lankshear and Lawler (1987) have argued 
that when students enter such classrooms without familiarity with the appropriate Discourse, they may in 
fact learn an improper school literacy which is dysfunctional in terms of both scholastic success and 
critically addressing structures of daily life. Hence the most just action for me in the circumstances was to 
try to help the students develop the appropriate literacy. 
Conclusion 
The intervention reported in this paper aimed to demystify some of what goes on in science classrooms for 
students, particularly student from disadvantaged backgrounds, while helping the teacher recognise that 
many of the difficulties encountered by students are caused by the particularity of ways of communicating in 
science. The intervention did this by using activities based on principles of literacy developed in other areas 
of language learning such as adult literacy teaching. As well as teaching language skills, these activities were 
designed to teach more appropriate beliefs and attitudes about the learning of science, and to provide a better 
chance of becoming scientifically literate adults.  
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